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'lor.ta.nina'i.ion  of  cele  stial  bodies  with  earth  sdcroorganisins 
■night  .-lake  studies  of  any  e:<traterTestrial  life  irpoatible.  Ster¬ 
ilization  of  heat  ar.d/’or  radiation  sensitive  electronic  cos^onents 
presents  a  special  prctlen.  Usi.ng  a  flexible  film  gene-free  iso¬ 
lator,  Internal  contanirstion  was  demon  'rated  in  only  11  of  166 
c.x:?Jonents,  includir.g  9  of  101  capacitors.  Moreover,  the  level  of 
natural  conta.-.i.nation  is  low  and  destruction  of  alcroorganlan#  is 
assessed  in  terr.s  of  probability.  Iherefore,  deve^epnent  of  adequate 
sterilization  procedures  is  being  epproached  by  deliberate  contan- 
inatlor.,  during  .-lar.ufacture,  with  oacLerial  spores  of  high  resistance 
to  heat  and  irradiation.  The  reralts  obtained  with  sone  ti-pes  of 
resistors  and  diodes  are  presented. 
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IIJTRODUCnON 

As  pointed  out  by  Lederberg  (1*),  the  best  approach  to  direct 
studies  of  tlje  possibility  of  extraterrestrial  life  involves  ir.icro- 
organisr.s,  since  they  are  (1)  an  early  stage  in  the  evolutionary 
process,  (2)  ubiquitous  on  our  planet  and  probably  any  other  planet 
containing  life,  (3)  easili'  cultivated,  and  (U)  best  adapted  to 
autenation  and  telemetry*  in  unmanned  space  vehicles.  However,  such 
studies  would  be  seriously  hain>er€d,  or  even  made  forever  ir?>os8i- 
ble  by  inadvertent  contamination  with  earth  microorganisms  deposited 
as  a  result  of  hard  landings  of  space  probes  (1,  3>  S,  7,  6) 

(figure  1).  It  is  believed  by  some  that  earth  microorjanisr-s  night 
well  nultiply  on  Mars  (1,  2,  3).  Such  nult  .'lication  would  not  only 
interfere  with  determining  the  presence  or  absence  of  an  indigenous 
flora,  but  by  overgrowth  night  also  jeopardize  any  possible  use  of 
extraterr# •trial  organisms  for  benefit  of  nan  (U). 

Cor.ta.ninatian  of  the  noon  with  earth  microorganisms  would  also 
jeopardize  a  most  intriguing  test  of  the  panspermia  hypothesis  of 
Arrhenius,  whereby  spores  drifted  through  space  and  seeded  suitable 
planets.  Having  only  a  trace  atmosphere,  the  moor,  has  been  envisioned 
as  a  trap  for  nftforoidal  material  (L),  and  is  supposedly  covered  by  a 
layer  of  cosmic  dust  (5).  Although  the  surface  temperature  is  esti¬ 
mated  to  rar.gc  from  +100  C.  during  the  day  to  -l&O  C.  at  night,  it  has 
been  estinatea  that  at  a  depth  of  less  than  ^  neter,  the  temperature 
raiuje  is  0  to  -70  C.  Admittedly  the  \iitraviolet  r'.diation  intensity 
on  the  surface  of  the  moon  is  capable  of  killing  aii  known  microorgan¬ 
isms  in  a  few  hours,  but  Sagan  (5)  believes  that  microorganisms  just 
beneath  the  surface,  and  thus  protected  from  •U.travlolet  radiation, 
would  sur’.'ivc  coyd,c  radiation  for  a  few  hundred  million  years.  Since 
the  likelihood  of  a  persistent  indigtuous  flora  is  remote,  the  presence 
of  microorganisms  in  the  "noondust"  would  constitute  evidence  for  the 
panspermia  hypothesis. 

Because  of  €r..rcrvly  low  frictional  resistance  of  the  present 
trace  atmosphere  of  the  noon,  it  was  recently  stated  bj*  rhllllps  and 
iioflVan  (6)  that  a  single  hard  landing  of  a  rocket  could  scatter  bac¬ 
teria  over  the  cntlr:  surface  of  the  satellite.  As  pointed  out  by 
Davies  and  Conunt?  .s  fl),  this  possibility  would  be  especially  serious 
if  a  ma.mrwil  were  aboard,  sLnee  there  would  be  on  the  order  of 
micr 00 r^anj^ STJ  pr.scnt  per  kcg  of  intestine.  As  the  moon's  surface  I? 
i*  X  IC^-'  m-,  the  mloroorganloms  f.  or.  one  namal  might  glv»  rise  to  a 
serlrus  degree  of  contamination,  especially  since  th**  density  o.**  an;.* 
organisms  trapped  fror.  cosmic  infall  would  be  expected  to  be  small. 
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It  hat  b««r.  pointed  put  (J,  7)  that  orjfanlams  r.tght  easily  sur¬ 
vive  a  space  journey.  >ntravlolet  radiation  In  space,  vihlle  adnlttedly 
lethal  to  any  knovn  nicroorganlsn  In  a  fev  hours,  woidd  o?'JLy  be  effec¬ 
tive  again.nt  organisms  on  the  outside  surface  of  a  space  probe.  Furtner- 
nore,  vacua  actuall;/  aid  In  preservation  of  microorganisms,  although 
It  must  be  admitted  that  no  data  arc  available  on  the  effects  of  vacua 
with  residual  pressures  lower  tlian  IC*^  mm  of  mercury'.  Finally,  it  has 
been  pointed  out  that  entry  into  the  atmosphere  of  Venus  or  Kars  wo\ild 
not  necessarily’  result  In  a  probe  being  consumed  by  hear,  (1,  U).  The 
atmosphere  of  Fars  Is  mostly  nitrogen,  with  only  a  trace  of  o^gen, 
while  that  of  Venus  is  chiefly  carbon  dioxide. 

In  view  of  these  considerations,  there  has  been  a  groat  deal  of 
concern  over  the  question  of  contamination  of  celestial  bodies  with 
terrestrial  microorganisms  (1,  3,  ii,  5,  7,  S).  Conversely,  the  pos¬ 
sibility  of  contamination  of  the  earth  with  microorganisms  from  a 
celestial  bo(^'  is  no  less  worthy  of  sober  consideration.  It  is  theo¬ 
retically  possible  that  microorganisms  brought  back  from  the  moon  or 
Mars  might  be  capable  of  causing  a  new  human,  animal,  or  plant  diacase. 

It  would  thus  appear  that  rigorous  measures  are  needed  to  insure 
the  absence  of  viable  microorganisms  in  a  pace  vehicle  prior  to  its 
laiuich.  Davies  and  CoKuntzis  (l)  have  recoimended  sterile  assembly, 
built-in  disinfection  and  terminal  sterilicatloni  Sterile  assemoly 
naj'  be  aseptic  or  antiseptic.  Aseptic  assembly  Involves  fabrication 
of  sterilized  components  into  subsystems,  and  sealing  these  sub¬ 
systems  to  prevent  recontanination.  An  exar?)le  of  antiseptic  assembly 
would  be  the  application  of  liquid  wipe-on  sterilants,  such  as  formal- 
deh.yde  in  methanol,  to  all  matirjg  surfaces  not  accessible  to  gaseous 
disinfectant,  e.g.,  nuts,  bolts,  screws,  etc.  Built-in  sterilization 
night  be  useful  in  fabrication  of  certain  components;  e.g.,  paraformal¬ 
dehyde  night  be  included  in  plastic  used  for  pouting  electronic  com¬ 
ponents  (7).  In  any  ''ase,  terrdnal  sterilization,  particularly  of  the 
interior  of  any  space  vehicle,  appears  essential. 

Suggested  methoss  of  terminal  sterilization  h■^•e  included  the  use 
of  (1)  heat,  {2)  radiation,  and  (3)  chemicals.  A  priori,  heat  sterili¬ 
zation  appears  most  desirable.  However,  as  erphaslzed  by  Davits  and 
Corruitzis  fl),  the  function  of  certain  types  of  spacecraft  cor.ponents 
is  impaired  by  commonly  erployed  regimens  using  heat.  With  regard 
to  termi.nal  sterilization  )r/  radiation,  fomnidable  practical  difficul¬ 
ties  are  involved,  as  pointed  out  by  Phillips  and  Koffrtan  (7).  Further¬ 
more,  Davies  and  tomantzis  (l)  fou:ad  that  certain  types  of  components 
would  not  tolerate  sterilization  by  radiation.  For  terminal  sterlli- 
zaMon  by  chemical  means,  it  appears  that  agents  active  In  the  vapor 
phase  ar**  r.nzt  feasible,  '"•f  the  gaseous  disinfectants,  ethylene  oxidt 
is  g-VTally  '''fisldpred  the  agent  of  choice  for  sracc  vehlcleu  (1, 

7). 
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C vcr4n  sjmcccTtf^  procedures  i;ou  ».-ployed  l.iclude 

1.  Interiisl  stcrilltation  of  cor^or.er’.ts. 

3.  Aorpt-lc  fsbrlcatlon  of  Kubsyolens. 

'j.  AsepM>';  in?it..iil«tior.  of  subsystero  to  apacecraft. 

li.  Terranal  stcr iilaatlor.  of  surfaces  cf  spacecitft  tr;  a 
Sealed  ccnpartr^nt. 

5.  Mair.reranc;:  of  sterilization. 

A  special  problen  i::  spacecrait-  sterilization  concerns  the  inter 
ior  of  henoctically  scaled  ••lectronic  co.nponents,  Obvio'asly  gaseous 
disinfectants  cannot  be  used,  and  ir^MlM.Knt  of  function  na;*  occur 
with  nethodc  InvclNing  heat  (1)  or  radiav'oh  (1).  A  factor  of  prLnc 
i-portance  in  this  pr''hlen,  .*3  In'  ar*y  cte;  ilization  problem,  is  a 
icno’idedge  cf  the  level  of  bacterial  conta^l-nation.  It  is  the  pjr- 
P'oso  of  this  paper  to  present  findings  concerning  the  frequency  cf 
natural  contaninatian,  and  an  expeririental  approach  to  the  develop- 
.u.nt  of  adequate  sterilizatio:.  procedures  lor  electronic  corponents. 

SypSlJI-HiTAL 


Jiudic?  to  detcTT.ine  the  presence  and  level  of  r.af.ural  contar.- 
imtion  ere  generally  carried  out  inside  sone  sort  cf  inclosurc  u'liich 
has  been  nadt  virtually  gas-tight,  so  that  the  i.nterior  of  the 
l..s,lrsurc  and  the  exterior  of  the  oo.nponeuts  can  be  sterilized  ud-th 
a  gaseous  >lisinfectant.  In  our  laboratorv*  a  gern-free  isolator  has 
been  used,  as  shown  in  figure  2.  As  seen  in  figure  3.  the  tools  used 
to  disassenole  the  corponents  are  sterilized  inside  the  isolator 
along  with  he  enceiior  of  the  electronic  devices  thensclves.  To 
facilitate  t'  ection  of  anj'  contaninating  orga.nisr.s  which  na;.*  be 
present  in  tt.c  interior  of  the  corponents,  it  is  essential  to  reduce 
all  nomsetallic  covering  naterials  t.o  a  relatively  finely  divided 
stata  and  to  expose  all  internal  surfaces.  Hecc.ntiy  it  was  found 
that  one  capacitor  approxi:*ately  VJ  inches  in  length  by  1  inch  in 
dia“jet€r  ''ontained,  when  corpletely  •orjolled,  a  sur:ace  area  of 
about  yO  squire  feet.  Of  a  total  of  166  uorpaner.ts  examined  in  our 
laborator;.',  li  were  contaninated.  Of  101  capacitors  cultured, 
showed  bacteria.  O’er  findir»gs  on  capacitors  cord'irr  those  of 
t^;illip3  and  noffnan  (7),  who  reported  13  of  bC  con* aninated. 


’lany  corponent.s  are  exposed  during  na.n-ufa>; ture  to  temperature- 
tL-.e  i.ntervals  that,  would  appear,  .1  r:iorl.  sufficient  for  sterili¬ 
zation.  ;5owever,  t.^ rpe rat  .re-M re  da*a  '‘or  killing  bacteria  art 
usually  obtained  by  exposing  drie-i  ST''o:es  on  slrfa^es  of  su:h  mater¬ 
ials  as  glass,  poll.'ihed  met.ai,  anti  f:!*.*":  paper.  Tner'’  Is  r.o  artur- 
an:c  that  similar  rrposur*  ?  woidd  he  adequate  'or  -xp*  r-ic*  Lo?;  of  the 
sat"  r.ic.”':  orginisr.r,  in  the  in'fior  of  *  1  >  ;troni-  corf'cren' 3 . 


rn  a  s'r;.*  3':nse  .  killlni' 
resul*  oar  b<  asS'  SS'  1  o;Jy  In  — 1;. 
generally  di'  1  r.l'-all;-,  I.*  .. 

;dot','  1  a.M.-Sf  •  yi' !  ts  a  s’.nali*’ 


of  t.a.'fr'.a  in  a  pro  ess  v?  js* 
0  r  p  r’''*r **1  *  i  i  ’  ‘ ♦!  s  *.w 

‘.hr  1  .■.'■ai  ;  * ,  of  .nu'-v.  voia 
t  M'-‘  ho:  '  xa"Th' .  .«  .•iv.-r. 
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hMt«trt«tMnt  miy  be  Mid  to  rtaolt  in  99>99  percent  killing. 

Therefore,  intelligent  eeaeenent  of  aterilieation  routinea  can  be 
aooQiiytliMted  only  with  reference  to  definite  levels  of  contanina- 
tion.  Aa  Indicated  above,  natural  contanination  of  electronic 
ooiif>onents  is  sporadic;  hence  q;uantitative  levels  of  aicroorganisns 
In  the  eontanlnated  conronents  would  presuaably  vary  widely. 

In  view  of  these  considerations,  it  is  suggested  that  develop- 
Mnt  01  adeq[uate  sterillution  procedures  for  sealed  electronic  com¬ 
ponents  be  accoi!|>liahed  by  use  of  conponents  which  have  been  delib¬ 
erately  contaminated  duilng  manufacture.  Such  an  experimental 
approach  should  include  the  foLlowing  stages: 

1.  Selection  of  ^spropriate  mlcroorganlsma  with  high  resistance 
to  dry  lv2at  and/or  radiation. 

?.  Contamination,  during  manufacture,  of  the  interior  of  compon¬ 
ents  with  standard  high  cell  concentrations  (1  x  10?  to  1  x  10°). 

3.  Performance  testa  of  asses^bled  contaminated  conponents. 

U.  Exposure  of  contaminated  cotiponents  to  dry  heat  tine-te:per- 
ature  and/or  radiation  regimens 

5.  Performance  testa  on  heated  and/ur  irradiated  contaminated 
components. 

6.  Bacteriologic  examination  of  undamaged  cotponents. 

A  joint  in-house  and  contractual  research  program  along  the  lines 
just  detailed  is  in  progress,  Cxurrently,  spores  of  Bacillus  stearo- 
theiwo^iJLua  PS1518,  suspended  in  acetone,  are  being  used7  '  The  Selec¬ 
tion  or  reihiS  spores  was  determined  not  only  on  the  basis  of  resist¬ 
ance  to  dry  heat  and  radiation,  but  also  to  their  ability  to  survive 
In  a  volatile  li(.;uid  vehicle  which  does  not  damage  the  material  to  be 
contaminated.  Recent  data,  however,  by  Koesterer  and  Bruch  (9),  and 
Uavis  et  al.  (10)  seen  to  indicate  that  the  spores  of  Bacillus  subtilis 
vy  nlgar  are  more  resistant  to  heat  than  FS11>18  spores.  !rhe  resistaiace 
Of  B«  ySar  spores  to  radiation  and  their  survivai  in  acetone  is  being 
investigated.  To  date,  four  types  of  resistors  (9  each)  and  two  types 
of  diodes  (1C  each)  have  beer,  examined.  The  results  indicate  that*  for 
these  types  of  corponents,  normal  manufacturing  procedures  art  suffi¬ 
cient  for  sterilization. 


SUWRHl' 

The  Irportance  of  spacecraft  sterilization  has  been  discussed. 
Hemetlcally  sealed  electronic  conponents  constitute  a  special  problem. 
Cultural  technique:;  for  such  corponents  have  been  described,  and  find¬ 
ings  presented  on  the  frequency  of  contanination.  An  experimental 
scheme  for  development  of  adequate  sterilization  procedures  has  been 
outlined,  based  on  deliberate  contamination  dirlng  corponent  manufac¬ 
ture.  With  the  types  of  resistors  and  diodes  tested  to  date,  nanufac- 
turtr.g  procedures  appear  sufficient  for  sterllltatlon. 


h 


BEST  AVAILABLE  COPY 


RSFSSBiCES 


1.  OvTlea,  R.  U.,  and  M.  G.  Coauntila.  The  aterllluition  of  apase 

vahlclea  to  prevent  extraterreetrial  biological  contanlnatlon. 
In  Tenth  lutematlonal  Aatronauvical  Congress.  Jet  Propulsion 
Cab.  Sstemal  Publ.  No.  698,  Fuadena,  Calif.,  1959. 

2.  Davis,  I.,  and  J.  D.  Pulton.  The  reactions  of  terrestrial  mlcro- 

organiana  to  sinulated  Martian  conditions.  Proc.  Tenth  Int. 
Aatronautical  Cong.,  London,  1959. 

3.  DtTelcpnent  of  international  efforts  to  avoid  contaadnatira  of 

terrestrial  bodies.  Science  128:887-889  (1958). 

U.  Lederberg,  J.  Exobiology  -  Experimental  approaches  to  life 
beyond  the  earth.  Science  132:393  ^00  (I960). 

5.  Lederberg,  J.,  and  D.  B.  Cowie.  Hoondust.  Science  127:lit73- 

11:75  (1958). 

6.  Phillips,  C.  R.  Practical  aspects  e'  sterilisation  with  ethylene 

oxide  vapor.  Bacterloi.  ;*rsc.  23 -iu  (1950). 

7.  n>illipa,  C.  R.,  and  R.  K.  Hofftaan.  Sterilisation  of  interplan¬ 

etary  vehicles-  Science  132:991-995  (1960). 

8.  Sagan,  C.  Biological  contanination  of  the  moon.  Proc.  Natl. 

Acad.  Sci.  U.S.  U6:396-602  (I960). 

9.  Koesterer,  M.  G.,  and  C.  V.  Bruch.  Resistance  of  dry  bacterial 

spores  to  sterilisation  by  moist  and  dry  heat.  Bacteriolog¬ 
ical  Proceedings  Abstract  AU«  (1962). 

10.  Davis,  N.  S.,  0.  J.  SUveman,  S.  A.  GoldblJth,  and  W.  H.  Keller. 

Survival  of  spores  at  several  te.'peratures  in  uitrahlgh  vacuum. 
Bact.  Proc.  Abstract  Ali5  (iy62). 


TfcBUS  I 


Results  of  the  Different  Types  of  □sctronic  Coe^nents  JSxmLned. 


type  of  Coe^onent 

Nwber 

Bxsalned 

Nusiwr 

POSltlTC 

Cspseitors 

Id 

9 

Resistors 

US 

0 

Diodes 

5 

0 

Electronic  tub«s 

5  — 

0 

Relsys 

2 

0 

Trsaafomera 

u 

1 

Ksgnetlc  noduistor 

1 

1 

mcroposltioner 

1 

0 

Potentiometers 

2 

0 

Totals 

166 

iT 

